A limited number of chemotherapeutic agents have been found to be active against advanced soft-tissue sarcomas (STSs), particularly sarcomas that have progressed following doxorubicin treatment. The aim of this retrospective study was to determine the response to treatment with gemcitabine plus paclitaxel in patients with STSs. Data were collected on all patients with advanced non-resectable STS who were treated with a fixed dose 700 mg/m 2 gemcitabine in combination with 70 mg/m 2 paclitaxel on days 1 and 8 every 3 weeks. A total of 30 patients were included, with a median age of 56.4 years (range, 40-70 years). The gemcitabine/paclitaxel combination was well tolerated, with an overall response in 27% and a clinical benefit in 57% of the patients. The median progression-free survival was 6.1 months and the overall survival was 14.3 months. In conclusion, gemcitabine plus paclitaxel was found to be tolerable and effective in patients with advanced STSs.
Introduction
Soft-tissue sarcomas (STSs) are a heterogeneous family of malignancies originating from mesenchymal tissues. Patients who present with advanced-stage STS or develop disease recurrence following initial resection carry a poor prognosis, since the majority of chemotherapeutic agents have not achieved any survival benefit in this disease. However, ~30% of patients treated with doxorubicin achieve an objective response and the response rates may increase to 35-40% when doxorubicin is combined with ifosfamide (1, 2) . The combination of gemcitabine and docetaxel was also proven to be effective in advanced STS, particularly in patients with uterine leiomyosarcoma (LMS) (3) . While single-agent gemcitabine exhibited only modest activity, the overall response rates in phase II trials combining gemcitabine with docetaxel were in the range of 16-53% in this patient group (3) (4) (5) (6) . A higher efficacy with superior progression-free survival (PFS) and overall survival (OS) was also demonstrated with this combination in several comparative trials (3, 7, 8) . Therefore, it became common practice in several sarcoma centers to initiate combination treatment, hypothesizing synergy between gemcitabine and docetaxel. Myelosupression is the primary toxicity (grade 3-4 neutropenia in 17%, grade 3 anemia in 25% and severe thrombocytopenia in 10% of the patients) associated with this type of treatment (9) . In addition, grade 3 non-hematological toxicities, including fatigue and myalgia, developed in 25% of the patients. Patients with advanced sarcoma are usually heavily pretreated, with limited bone marrow tolerance and impaired quality of life. Paclitaxel and docetaxel share the same mechanisms of action and were found to exhibit similar efficacies in certain types of cancer, such as breast and lung cancer. Paclitaxel has been proven to be more tolerable when administered weekly, according to studies on breast cancer (10) (11) (12) . For example, in a prospective randomized trial assessing different schedules and regimens of paclitaxel vs. docetaxel in adjuvant therapy for breast cancer, 71% of those receiving docetaxel every 3 weeks developed grade 3 or 4 toxicities compared with 28% of those receiving weekly paclitaxel (P=0.001) (11) . Therefore, we hypothesized that paclitaxel may substitute docetaxel in the combination with gemcitabine for STS and designed a modified weekly protocol of gemcitabine plus paclitaxel (G/P) to reduce toxicity and maintain the planned schedule. In this study, we report our single institution experience focusing on efficacy and tolerability of modified weekly G/P in 30 patients with advanced STS.
Patients and methods
Patients and chemotherapy treatment. The medical records of patients with advanced unresectable STS treated between 2002 and 2009 with the G/P protocol were retrospectively evaluated. The G/P protocol included fixed-dose gemcitabine 700 mg/m 2 intravenously (i.v.) over 90 min, followed by 70 mg/m 2 paclitaxel i.v. over 1 h on days 1 and 8 of every 3-week cycle. Our center (Sharett Institute of Oncology, Hadassah-Hebrew University Medical Center, Jerusalem, Israel) served as a national referral center. The clinical evaluation upon each admission consisted of an updated medical history focusing on performance status, tolerability and toxicity and a complete blood count. Toxicities were recorded based on the written report of the admitting physician and graded according to the World Health Organization common toxicity criteria (13) . The response to treatment was determined according to the Response Evaluation Criteria In Solid Tumors (RECIST) (14) based on computed tomography scan/magnetic resonance imaging scans performed after 2-3 courses of treatment. All the patients provided written informed consent regarding their participation in this study.
Results
Patient characteristics. A total of 30 patients were treated with G/P for advanced unresectable STS at the Sharett Institute of Oncology between 2002 and 2009. The patient characteristics are summarized in Table I . Half of the patients were treated for high-grade LMS and undifferentiated pleomorphic sarcoma. The vast majority of the patients (27̸30) underwent resection of the primary tumor, with one-third (10/27) undergoing R0 resection, 11 received prior adjuvant chemotherapy and 17 patients underwent adjuvant radiotherapy. The majority of the patients (24̸30) received a doxorubicin-based regimen prior to G/P. Only 3 patients received G/P as first-line therapy for advanced disease, whereas 21 received G/P as second-line and 6 as third-or further-line therapy. The most common metastatic site was the lung (24 patients) and 14 patients had ≥2 metastatic sites.
Treatment toxicities and response. The 30 patients in our cohort received a total of 190 cycles of G/P. There was no reported treatment-related mortality. The grade 3-4 hematological toxicities included neutropenia in 4 patients (with a single episode of culture-negative neutropenic fever) and anemia in 3 patients (12%). Non-hematological toxicity included grade 2 diarrhea (1 patient) and grade 3 sensory neuropathy (1 patient). Postponing treatment and dose reduction were required in 7 patients, which may explain the tolerability.
Clinical outcome. Of the 30 patients, 8 (27%) achieved a partial response and 10 (30%) experienced stable disease as best response, with an overall clinical benefit of 56%. None of the patients achieved a complete response. The median PFS and OS were 6.1 and 14.3 months, respectively. Of note, all the deceased patients succumbed to progressive disease. As noted above, there was no toxicity-related mortality.
Discussion
In this retrospective study, the combination of weekly gemcitabine and paclitaxel achieved a partial response rate of 27% and a disease stabilization rate of 30% in pretreated patients with advanced STS. The median PFS was 6.2 months and the OS reached 14.3 months. The regimen was well tolerated, without treatment-related mortality. The proportion of grade 3 and 4 hematological toxicities (~10%) in patients receiving this protocol was significantly lower compared with patients receiving docetaxel every 3 weeks (~46% incidence of neutropenia) (11). To the best of our knowledge, this study is the first to evaluate the efficacy and tolerability of G/P in patients with STS. The combination of taxanes and gemcitabine is increasingly utilized in STS, as well as in bone sarcoma (7) (8) (9) 15 ). Early-phase II studies evaluating fixed-dose rate infusion of gemcitabine 900 mg/m 2 administered over 90 min (days 1 and 8) in combination with docetaxel 100 mg/m 2 (day 8) every 21 days, achieved objective response rates of 17-36%, with a median time-to-progression of 5.6-6. 2 months (4,7) . The synergism between the two agentsis of note. The addition of docetaxel to gemcitabine improved outcome compared with single-agent gemcitabine (4). These clinical results were also supported by cell culture data revealing that the sequencing of gemcitabine followed by docetaxel is significant, resulting in superior drug synergism compared with other sequencing (16) . Our results with paclitaxel substituting docetaxel suggested equivalent efficacy with significantly reduced toxicity. Although gemcitabine and docetaxel are usually tolerated well when administered as front-line treatment with the support of granulocyte-colony stimulating factor (G-CSF), this combination becomes progressively less tolerable with more advanced lines of treatment. None of the patients in our retrospective cohort received prior G-CSF and, in general, the tendency was to avoid G-CSF and opt for a mild (usually 10%) dose reduction instead. With disease progression, pretreatment quality of life and tolerance to treatment become more pertinent to treatment selection.
Only a limited number of chemotherapeutic agents have been found to exhibit some efficacy as single agents in advanced sarcoma. Published studies on single-agent treatments, such as high-dose ifosfamide or temozolamide, reported a limited efficacy (17, 18) . Trabectedin, which has been approved in Europe for second-or further-line treatment of advanced STS, achieved response rates of ≤10%, with significant clinical benefit almost exclusively in LMS and liposarcoma patients (19) . Trabectedin lacks cumulative toxicity; however, the first 2-3 cycles may be associated with significant hepatic and hematological toxicity. Pazopanib, a small molecule with vascular endothelial growth factor inhibitory characteristics, may be a viable treatment option for patients with metastatic non-adipocytic STS following chemotherapy. Although tolerance may be improved with dose reductions, pazopanib treatment was shown to stabilize disease in the vast majority of patients, with a limited number of detected responses when measured by RECIST (20) .
Patients with STS who have previously received standard chemotherapy, including doxorubicin, ifosfamide, pazopanib, cyclophosphamide and dacarbazine, are faced with a limited number of therapeutic options. Therefore, it is crucial to establish an effective, tolerable protocol for heavily pretreated STS patients, which will control the symptoms and prolong PFS.
There were certain limitations to our study, mainly due to its retrospective design, the limited number of included patients with various histological diagnoses and the potential patient selection bias. In addition, the timing of imaging evaluations was not uniform in our patient population. However, despite these limitations, to the best of our knowledge, this is the first study to describe the efficacy and tolerability of paclitaxel as a substitute to docetaxel in the combination with gemcitabine for the treatment of patients with STS. Our study demonstrated that the combination of gemcitabine and paclitaxel is a tolerable and effective regimen in patients with advanced STSs, particularly after doxorubicin-based regimens. However, these results require confirmation and validation in larger prospective studies.
